Abstract This paper investigates the logic of Ockhamism, a view according to which future contingents are either true or false. Several attempts have been made to give rigorous shape to this view by defining a suitable formal semantics, but arguably none of them is fully satisfactory. The paper draws attention to some problems that beset such attempts, and suggests that these problems are different symptoms of the same initial confusion, in that they stem from the unjustified assumption that the actual course of events must be represented in the semantics as a distinguished history, the Thin Red Line.
Preamble
The term 'Ockhamism' will be used in this paper to indicate a view according to which future contingents are either true or false. To illustrate, suppose that the following sentence is uttered now:
(1) It will rain On this view, (1) is either true or false. Whether it is true or false depends on whether it will actually rain or not. That is, (1) is true if it will actually rain, false otherwise. So it is either true or false because either it will actually rain or it will not. In this respect, there is no difference between (1) and the following sentences:
(2) It is raining (3) It rained A. Iacona (B) University of Turin, Turin, Italy e-mail: andrea.iacona@unito.it (2) is either true or false as uttered now, because either it is actually raining or it is not. Similarly, (3) is either true or false as uttered now, because either it did actually rain or it did not. The truth-value of (1), just like the truth-value of (2) and (3), depends on what happens in one particular course of events of the many that are possible, namely, the actual course of events.
More generally, the view hinges on the idea that a future contingent 'It will be the case that p', as uttered at a time t, has a truth-value which depends on what happens after t in the actual course of events. That is, (O) 'It will be the case that p' is true at t if and only if is true at t in the actual course of events.
The view is called 'Ockhamism' because this idea goes back to Ockham's doctrine of divine foreknowledge. According to Ockham, the truth-value of every future contingent is known to God, in that it depends on what happens in the "true" future, which is one among the many possible futures. The "true" future is nothing but the actual future, that is, the future part of the actual course of events. 1 A crucial feature of Ockhamism so understood is that it leaves room for a distinction between truth and determinate truth, at least if the latter is defined in the usual way as truth in all possible courses of events. (O) entails that 'It will be the case that p' is true at t if it is true at t in the actual course of events. But the actual course of events is just one among the many courses of events that are possible at t, so the truth of 'It will be the case that p' at t is consistent with its falsity at t in some of them. In other words, truth is a matter of actuality, while determinate truth is a matter of necessity. Determinate truth entails truth, but not the other way round. For example, (1) as uttered now may be true without being determinately true, if it will rain in the actual course of events but not in some other possible course of events. 2 The thesis that future contingents are either true or false is controversial. According to a very influential line of reasoning that goes back to Aristotle, this thesis must be rejected. For the supposition that future contingents are true or false leads to the unacceptable conclusion that the future is necessary. That is, if (1) is true now then it is necessary that it will rain, and if it is false now then it is necessary that it will not rain. The distinction between truth and determinate truth provides a coherent way to resist this line of reasoning. If truth does not amount to determinate truth, there is no reason to assume that if (1) is true now then it is necessary that it will rain, or that if it is false now then it is necessary that it will not rain. 3 Obviously, this leaves open the question of whether Ockhamism is tenable from a metaphysical point of view, that is, whether it can really stand as an account of future contingency that complies with indeterminism. Some philosophers are inclined to think that the very notion of the actual future is at odds with the indeterministic claim that many futures are equally possible. However, that question will not be addressed here. The main concern of this paper is the issue of how an adequate formal semantics can be defined if (O) is accepted. So the paper takes for granted that it is at least consistent to think that future contingents are true or false in virtue of what happens in the actual future. 4
TRL semantics
The issue of how an adequate formal semantics can be defined if (O) is accepted has been addressed by friends and enemies of Ockhamism. The main options that have been considered so far rest on three shared assumptions. The first-call it A1-is that branching time structures may profitably be employed. Branching time structures are structures of the form M, < , where M is a set of moments and < is a tree-like partial ordering of these moments. In such a structure, possible courses of events are represented as histories, defined as maximal linearly ordered subsets of M. As Fig. 1 shows, three moments m 0 , m 1 and m 2 in M may be such that m 0 < m 1 and m 0 < m 2 but it is not the case that m 1 < m 2 or m 1 = m 2 or m 2 < m 1 . Thus, h 1 and h 2 may be different histories such that h 1 goes through m 0 and m 1 while h 2 goes through m 0 and m 2 . 5 The second assumption-call it A2-is that tenses are to be represented in terms of operators in the way suggested by Prior. If p stands for (2), then (1) is represented as F p, where F stands for 'It will be the case that', and (3) is represented as Pp, where P stands for 'It was the case that'. In a branching time structure, truth at a momenthistory pair can be defined in this way. Let it be granted that each moment-history pair m/ h is formed by a moment m and a history h such that m ∈ h. Assuming that each propositional variable is evaluated as true or false at each moment, the definition goes as follows.
Definition 1
1 If α is an atomic formula, α is true at m/ h iff it is true at m; 2 ∼ α is true at m/ h iff α is not true at m/ h; 3 α ⊃ β is true at m/ h iff either α is not true at m/ h or β is true at m/ h; 4 α ∨ β is true at m/ h iff either α is true at m/ h or β is true at m/ h; 5 α ∧ β is true at m/ h iff α is true at m/ h and β is true at m/ h; 6 Fα is true at m/ h iff for some m such that m < m , α is true at m / h; 7 Pα is true at m/ h iff for some m such that m < m, α is true at m / h; 8 α is true at m/ h iff α is true at m/ h for every h such that m ∈ h. Falsity is defined as absence of truth: α is false at m/ h if and only if α is not true at m/ h. 6 Let a branching time model be a model M, <, V formed by a branching time structure M, < and a valuation function V constructed in accordance with Definition 1. Let 'Priorian semantics' indicate the semantics characterized by branching time models, namely, the semantics that results from the combination of A1 and A2 if truth at a moment-history pair is defined in the way considered. The third assumption-call it A3-is that actuality must be formally represented, that is, something must be added to Priorian semantics to make sense of (O). A branching time model does not tell us which history is the actual history. For example, in Fig. 1 we do not "see" which of the two alternative future moments corresponds the state of affairs that will in fact obtain. But Ockhamism, one might think, requires that reference be made to a distinguished history as the actual history. The history in question is what Belnap and Green have called the Thin Red Line. 7 The present discussion focuses on A3. Therefore, A1 and A2 will not be questioned. Since A3 implies a modification of Priorian semantics, the term 'TRL semantics' will be used to indicate the result of such modification. Thus, according to the terminology adopted here, Ockhamism and TRL semantics are not the same thing. The first is a view informally characterized, the second is a kind of formal apparatus. Perhaps this terminology does not entirely adhere to the current use of the expression 'Thin Red Line'. Sometimes, the latter is used informally as a synonym of 'actual future'. But it is important to recognize the distinction between the view under consideration and a certain kind of formal semantics. For the question to be addressed is precisely whether a semantics of that kind must be adopted to make sense of the view.
Simple TRL
TRL semantics is a kind of formal apparatus, in that there is more than one way to modify Priorian semantics in accordance with A3. This section and the next three outline the main options that have been considered so far, and draw attention to some problems that may be raised in connection with them. Each option amounts to a way of defining truth at a moment in terms of truth at a moment-history pair plus some actuality function.
The first option may be called the simple TRL, in that it assumes that truth at a moment is defined simply in terms of a unique distinguished history that is fixed once and for all in the model. Let M, <, V, A be a model formed by a branching time model M, <, V and a constant function A from M to the set of all histories. Call h the unique value of A. In such a model, truth at a moment may be defined as follows:
Definition 2 α is true at m iff α is true at m/h. Consider Fig. 2 , where h 1 includes m 0 and m 1 , h 2 includes m 0 and m 2 , and h = h 2 . Suppose that F p is true at m 0 / h 2 , because p is true at m 2 / h 2 . Then F p is true at m 0 , no matter whether it is true or false at m 0 / h 1 . 8 The main flaw of the simple TRL concerns the evaluation of formulas at moments that do not belong to h. According to Definition 2, a necessary condition for the truth of α at m is that m ∈ h. For otherwise there is no such thing as the moment-history pair m/h. On the assumption that α is false at m if and only if it is not true at m, we get that α is false at any moment that does not belong to h. But this seems unacceptable, in that it blatantly violates the intended meaning of the connectives. For example, F p and ∼ F p are both false at non-actual moments.
Note that no significant improvement is made by refining the definition of falsity. It may be assumed that α is false at m if and only if α is false at m/h, and that α is "undefined" if m does not belong to h. But we still get that F p∨ ∼ F p and F p∧ ∼ F p are both undefined at non-actual moments, hence that no significant distinction can be drawn between them. Moreover, even if Definition 2 is restricted to formulas of the form Fα in order to handle cases such as those considered, some troubles remain. For example, we still get that F( p∨ ∼ p) is not true at non-actual moments.
Independently of the issue of the connectives, the supposition that the truth of α at m requires that m ∈ h seems implausible. One problem that Belnap and Green have raised in connection with the simple TRL concerns the apparent truth of some counterfactual predictions. Consider Fig. 3 . h 1 and h 2 are as in Fig. 2 , and h 3 is a history that includes m 3 and m 4 . Let p stand for (2), and suppose that it rains only at m 1 . F p turns out untrue at m 3 , because m 3 does not belong to h. But this seems wrong. At m 2 one might say what follows, referring to a moment like m 1 : (4) Had things gone that way, one would have made a true prediction by uttering 'It will rain' before then. There are cases in which it is plausible to regard a counterfactual prediction as true. In those cases, the intuitive evaluation of the prediction does not depend on what happens in the actual history, but rather on what happens in some other history that could be actual. In the example considered, the alternative that seems relevant to the truth of F p at m 3 is whether things go as in h 1 or as in h 3 . This is why F p seems true on the hypothesis that h 1 is actual. 9
Supervaluational TRL
The second option, which may be called the supervaluational TRL, has been suggested by Malpass and Wawer as an improvement on the first option. Malpass and Wawer provide a hybrid definition of truth at a moment which combines the notion of truth that underlies the simple TRL with the notion of truth that is characteristic of supervaluationism. According to the latter, truth at m is understood as determinate truth, that is, as truth at m/ h for all h such that m ∈ h. 10 Let M, <, V, A and h be as in the first option. The definition of truth at a moment now goes as follows:
Definition 3 α is true at m iff either α is true at m/ h for all h such that m ∈ h or α is true at m/h. Falsity at a moment is defined in similar way. So it turns out that, if m is actual and F p is contingent at m, where 'contingent at m' means 'true at m/ h for some but not all h such that m ∈ h', F p is either true or false at m. For either it is true at m/h or it is false at m/h. Instead, if m is non-actual and F p is contingent at m, F p is neither true nor false at m. For there is no such thing as the moment-history pair m/h, and F p is neither true at m/ h for all h nor false at m/ h for all h. The only case in which m is non-actual and F p is true (or false) at m is that in which F p is true (or false) in all h such that m ∈ h, hence it is not contingent at m. According to Malpass and Wawer, this difference between actual and non-actual moments is exactly what we should expect. It is right to say that only actual predictions can be true or false, because there is no such thing as the actual future of a non-actual moment. But it is wrong to say that no sentence is true at non-actual moments. They draw a distinction between "the strong intuition", the claim that either F p is true or F ∼ p is true at any non-actual moment, and the "the weak intuition", the claim that F( p∨ ∼ p) is true at any non-actual moment. While the first claim cannot be defended, the second should be maintained. It is easy to see that, for any non-actual moment m, F( p∨ ∼ p) turns out true at m/ h for all h, given that, in every history, p∨ ∼ p is true at every moment. 11 The supervaluational TRL definitely fares better than the simple TRL when it comes to the preservation of truths that seem grounded on general modal facts, such as F( p∨ ∼ p). Yet this does not make it an ideal option. Some doubt may be raised about the hybrid nature of Definition 3, which involves a combination of truth and determinate truth, and its effects on the understanding of the connectives. Definition 3 says that a sentence is true if and only if either it is determinately true or it is true in the actual history. Therefore, we get that sometimes-at actual moments-the sentence is true because it is true in the actual history (in virtue of the second disjunct), while at other times-at non-actual moments-it is true because it is true in all histories (in virtue of the first disjunct). This ambivalence emerges clearly if we consider the following disjunction:
(5) Either it will rain or it will not rain From Definition 3 it turns out that (5) may be true at different moments for different reasons, so to say. Let us assume that m is actual, that m is non-actual, and that F p and F ∼ p are contingent both at m and at m . According to Definition 3, F p ∨ F ∼ p is true at m, because it is true at m/h. Since the truth of F p ∨ F ∼ p at m/h depends on either F p or F ∼ p being true at m/h, it seems correct to say that F p ∨ F ∼ p is true at m because one of its disjuncts is true at m. However, the same does not hold for the truth of F p ∨ F ∼ p at m . According to Definition 3, F p ∨ F ∼ p is true at m , because it is true at m / h for all h. This is due to the fact that, for any h
As it is well known, the supervaluational notion of truth involves denial of truth-functionality for disjunction: a disjunction can be true even if neither of its disjuncts is true. The result we get is that, while F p ∨ F ∼ p is true at m because one of its disjuncts is true at m, F p ∨ F ∼ p is true at m for a different reason, namely, that it is true at m / h for all h, in spite of the fact that neither of its disjuncts is true at m . So it is natural to ask how the connective ∨ is to be understood. There are two ways to go, neither of which looks promising. One is to say that ∨ is truth-functional at actual moments and non-truth-functional at non-actual moments. But in this case one must be willing to accept that the meaning of a logical constant varies with the moment of evaluation. The other is to say that ∨ has a unique non-truth-functional meaning, although its non-truth-functionality is not manifest at actual moments. But in this case the truth of a disjunction is explained in terms of determinate truth, which is definitely not in the spirit of Ockhamism as it is understood here. What Ockhamism should entail is that (5) is true because one of its disjuncts is true, or so it will be assumed.
Further misgivings concern the problem of counterfactual predictions. To motivate their distinction between actual and non-actual predictions, Malpass and Wawer claim that there is no such thing as the actual future of a non-actual moment. They use the following example. Imagine that I hold a coin in my hand. I do not flip the coin but I could have done so. I could have said, before the possible toss, that the coin would show heads. But since the coin wasn't flipped, this assertion cannot be counted as true. The same goes for the assertion that the coin would show tails. As they say, "Each result is just an unactualised possibility for a fair coin toss that never happened". 12 However, if one is apt to doubt their claim, one will hardly be convinced by their example. Certainly, the coin has not been tossed, so each result is an unactualised possibility. Yet this does not entail that there is no answer to the question of what would have happened if the coin had been tossed. For what really matters to that question is not which possibility is actual, but which possibility would be actual. There is a clear sense in which one of the two results could be actual, and this seems to be the sense we have in mind when we ask that question. Therefore, the same goes for the question of whether the counterfactual prediction is true. For it is plausible that, just as the truth of an actual prediction depends on what will happen, the truth of a counterfactual prediction depends on what would happen if certain conditions were to obtain.
Note also that, in the example of the coin toss, the counterfactual prediction concerns two possible outcomes whose odds are perfectly even: the probability of tails and heads is exactly the same in the counterfactual circumstances imagined. This might bolster the impression that there is no answer to the question of what would have happened if the coin had been tossed. However, if we imagine counterfactual circumstances that differ from actual circumstances precisely in that the probability for a certain possible outcome is significantly higher, or lower, that impression loses force. For example, if it is actually sunny and we imagine a counterfactual situation in which it is about to rain, it is even less plausible to say that there is no answer to the question of what would happen then.
The force of the problem of counterfactual predictions lies in the fact that we are able to conceive counterfactual circumstances and intelligibly wonder what would happen in those circumstances. Thinking about counterfactual situations involves the capacity to reason from the point of view of possible courses of events that differ from ours. Consider Fig. 3 . Although we know that h 2 is the actual history, we can entertain the hypothesis that things have gone differently, and wonder what would happen after m 3 . If h 1 were the actual history, m 1 would obtain, hence F p would be true at m 3 . This is not to suggest that what is at issue here is the truth-value of certain subjunctive conditionals phrased in the object language. As a matter of fact, the supervaluational TRL, just like the simple TRL, does not contemplate a counterfactual connective, so its implications on the semantics of such a connective are irrelevant for the present purposes. The point is rather that certain results concerning simple formulas of the object language seem to conflict with certain thoughts that we can express in the metalanguage by means of constructions in subjunctive form. 13
The rigidity problem
The troubles that affect the simple TRL and the supervaluational TRL seem to stem from a common source. If the actual history is fixed once and for all in the model, it turns out that sentences lose some basic semantic properties when they are evaluated at non-actual moments. However, there is a sense in which one may expect that all moments are alike with respect to those properties, namely, the sense in which every moment is actual from its own point of view. The inability to account for this sense may be called the rigidity problem.
The rigidity problem concerns the ascription of actuality to possible courses of events that differ from ours: when a non-actual moment is thought as actual, it is natural to suppose that it has its own actual future, so that it belongs to some actual course of events. Therefore, one way to bring the problem into focus is to adopt Lewis' distinction between primary and secondary sense of 'actual'. According to this distinction, in the primary sense 'actual' rigidly refers to our world, as in 'This city could be bigger than it actually is', while in the secondary sense its reference shifts from our world to a different world that is under consideration, as in 'If this city were bigger, it would actually have more buildings'. Consider Fig. 3 . If one is in h 2 , it seems that one can meaningfully ask about a moment like m 3 : (6) If things were so, what would actually happen? On a natural reading of (6), 'actually' refers to some history other than h 2 , that is, some history that includes m 3 . But there is no way to make sense of this reading if it is assumed that the only history to which actuality can be ascribed is h 2 . 14 Of course, one might deny Lewis' distinction and claim that there is no secondary sense of 'actual' in need of account. This amounts to saying that in (6) 'actually' refers to h 2 , despite appearance to the contrary. But in that case one would have to show that there is no relevant semantic difference between 'would' and 'will', hence that they can be substituted in (6) without changing its content. Moreover, one would have to explain how similar cases can be handled. For example, if 'then' is added in (6) after 'happen', it is hard to see what it could mean on the suggested reading of 'actually'. Unless one is willing to take this route, one must recognize that a semantics of the kind considered misses something. 13 Or at least, this is what Belnap and Green seem to grant in (1994) when they use examples such as (4).
14 The distinction between primary and secondary sense of 'actual' is drawn in Lewis (1983, p. 19). It is important to understand that this shortcoming does not concern the mere possibility of distinguishing two senses of 'actual'. The rigidity problem does not amount to the inability to define a sense of 'actual' that is not rigid. Nothing prevents us from thinking that a TRL semantics with fixed actual history can leave room for some understanding of 'actual' that mimics the indexical account of actuality. The problem is rather that such a semantics seems incapable of making sense of the counterfactual hypothesis that one of the courses of events that include a given non-actual moment is the actual course of events, so it contains the actual future of that moment. 15 This becomes clear clear if one reflects on how an actuality operator could be defined in the simple TRL or in the supervaluational TRL. As the actual history is fixed once and for all in the model, a natural way to go is the following:
The operator @ 1 is rigid, in that the only history that matters to the truth of @ 1 α at any moment-history pair is h. Definition 4 entails that, no matter whether Definition 2 or Definition 3 is adopted, @ 1 α is true at m if and only if α is true at m/h, hence it is false at m if m is not in h. But this is not the only way to go. An alternative definition is the following:
Definition 5 @ 2 α is true at m/ h iff α is true at m/ h. 16 Although the distinction between @ 1 and @ 2 makes no difference if Definition 2 is adopted, it does make a difference if Definition 3 is adopted. For if m is not in h and α is true at m in virtue of the first disjunct of Definition 3, we get that @ 2 α is true at m. Therefore, at least in the supervaluational TRL, it is clear that there are two ways to understand 'actual' one of which is not rigid. What is not clear, however, is whether @ 2 captures what we want. Since the only case in which @ 2 α is true at m for non-actual m is that in which α is true at m/ h for all h, it turns out that @ 2 expresses necessity at m, that is, truth in all courses of events that are possible at m. Yet actuality at m and necessity at m are not the same thing. Let it be granted that the question of what will actually happen differs from the question of what will necessarily happen, as Ockhamism requires. Then it is hard to see why the question of what would actually happen in certain circumstances should not differ from the question of what would necessarily happen in those circumstances. Apparently, the expression 'what would actually happen' that occurs in (6) is not synonymous with 'what would necessarily happen'. In order to show that the supervaluational TRL can handle the rigidity problem, one should either argue against this appearance, or provide an alternative definition of the actuality operator.
Relative TRL
How can TRL semantics get over the rigidity problem? A first thought that may come to mind is that there is a simple way to account for counterfactual ascriptions of Fig. 4 The relativization strategy actuality if each model has a fixed actual history, that is, by considering different models. Suppose that our intended model M is as in Fig. 3 , so that h = h 2 . In order to represent the counterfactual hypothesis that h 1 is the actual history, it suffices to consider another model M that differs from M only in that h = h 1 , as in Fig. 4 . In M the counterfactual prediction expressed in (4) can be evaluated as true. More generally, for any non-actual moment in any given model, there is another model in which that moment is actual, so the same sentence can be evaluated at a moment relative to different models.
There is nothing inconsistent in this thought. Sentences can be evaluated at moments relative to different models, that is, models that differ only in the value of A. The fact, however, is that relativity to models so understood is equivalent to relativity to histories. For example, there is no substantial difference between saying that F p is true at m 0 relative to M but false at m 0 relative to M and saying that F p is true at m 0 / h 2 but false at m 0 / h 1 . This means that what can be expressed in a TRL semantics in terms of relativity to models can equally be expressed in Priorian semantics without postulating any actual history, hence that TRL semantics boils down to an unnecessarily convoluted variant of Priorian semantics. 17 A different move is to reject the idea that the actual history must be fixed once and for all in the model, and assume that the function A in M, <, V, A , instead of being constant, assigns to each moment m a history A(m) that satisfies the following minimal condition:
On this assumption, the definition of truth at a moment may be rephrased as follows:
Definition 6 α is true at m iff α is true at m/A(m).
The hypothesis that at m 3 things go as in h 1 is now represented as the hypothesis that A(m 3 ) = h 1 , as in Fig. 4 . So F p turns out true at m 3 on that hypothesis. 18 This option, which may be called the relative TRL, is not affected by the rigidity problem, as it implies that every moment has its own actual future. One way to see how it differs from the simple TRL and the supervaluational TRL is to consider again the operator @ 2 . If Definition 5 is adopted, it turns out that @ 2 α is true at m if and only if α is true at m/A(m). Therefore, @ 2 expresses a plausible non-rigid sense of 'actual' which does not entail that actuality at m and necessity at m are the same thing. For example, if A(m 3 ) = h 1 , as in Fig. 4 , then @ 2 F p is true at m 3 , even if F p is not true at m 3 / h for all h.
However, as Belnap and Green have argued, the relative TRL has some undesirable consequences. Consider the following condition on A:
On the one hand, it seems that (C 2 ) should not hold. For the conjunction of (C 1 ) and (C 2 ) is inconsistent with branching. Suppose that m < m and m < m . Suppose that A(m 3 ) = h 1 , as in Fig. 4 , and that A(m 0 ) = h 2 , as in Fig. 3 . Suppose also that it rains only at m 1 . Then F p is true at m 3 , because it is true at m 3 / h 1 . But F F p is false at m 0 , because it is false at m 0 / h 2 . Belnap and Green claim that the failure of (P) is not a desirable result, and here it will assumed that an Ockhamist should agree on this. If (1) is true at a given time in the actual course of events, at any previous time it must be true in the actual course of events that (1) will be true in the actual course of events. 19 Against Belnap and Green, Øhrstrøm has contended that there is no reason to expect that the function A satisfies (C 2 ). Instead of (C 2 ), a weaker condition should be required, that is,
Øhrstrøm outlines a semantics in which A is defined in accordance with (C 2 *), and a notion of "counterfactual branch" is defined in terms of A as follows: for any m, a counterfactual branch at m is a history h such that m ∈ h and A(m ) = h for any m Footnote 18 continued ordered set of moments that starts with m, rather than a whole history. Perloff et al. (2001) considers both options, pp. 165-168. such that m ∈ h and m < m . In this semantics, truth is defined relative to momenthistory pairs by adopting the notion of counterfactual branch as a constraint on the set of moment-history pairs. That is, a formula α is true at m/ h for any counterfactual branch h at m in the way shown by Definition 1. 20 The semantics proposed by Øhrstrøm certainly has some plausible implications. For example, it preserves the validity of the schemas P Pα ⊃ Pα, F Fα ⊃ Fα and α ⊃ P Fα. The third schema may be regarded as a way to express the thought that underlies (P). What is not clear, however, is whether this semantics can be regarded as a form of TRL semantics rather than a variant of Priorian semantics, given that truth is defined simply relative to moment-history pairs. The central idea of TRL semantics as understood here is that, in addition to a definition of truth at a moment-history pair, a definition of truth at a moment must be given in terms of some actuality function. 21 This suggests a more general reflection about the relativization strategy. In order to overcome the rigidity problem, one must find a way to account for counterfactual ascriptions of actuality. But there is no obvious way to make room for actuality shiftsin terms of relativity to models or in terms of relativity to histories within the same model-without ending up with a formal apparatus that bears a very close resemblance to Priorian semantics. This is what may be called the triviality problem: it is unclear whether there is a substantial difference between having many actual histories and having no actual history.
Plain truth and truth in a history
As the previous sections show, it is not clear how an adequate TRL semantics can be defined. On the one hand, if the actual history is fixed once and for all in the model, the semantics runs into the rigidity problem. On the other, the route of relativization leads to the triviality problem, at least if certain undesirable consequences are to be avoided. So the dilemma seems to be the following: either the formal representation of actuality is incomplete, in that it misses something important, or it does not add anything interesting to what Priorian semantics is able to express. Perhaps there is a way out of this dilemma, through some amended version of TRL semantics that has not yet been explored. But independently of whether such a version exists, it is legitimate to ask whether there are reasons to think that if no adequate TRL semantics is provided, then Ockhamism is untenable. In this section it will be suggested that there is no such reason. Contrary to what has been taken for granted, Ockhamism can be maintained without assuming that actuality must be formally represented.
The crux of the matter is the relation between plain truth, which is a property that belongs to sentences of natural language (relative to times), and truth in a history, which is defined in rigorous way for formulas of a formal language (relative to moments). Ockhamism provides an analysis of plain truth, that is, (O). The thought that underlies (O) is that, when a future contingent is uttered at t, the utterance involves reference to one in particular among the many courses of events that are possible at t, the actual course of events. One way to substantiate this thought is to embrace the indexical account of actuality, and say that the actual course of events is part of the context of utterance because it is the course of events in which the utterance occurs. But that is not the only way. Even if it is not assumed that actuality is indexical, it is still consistent to claim that the utterance of a future contingent involves reference to the actual course of events.
According to (O), plain truth concerns a single course of events, the actual course of events. Therefore, a formal semantics in which truth is defined for a set of histories can provide a characterization of plain truth to the extent that one of the histories in the set represents that course of events. To illustrate, suppose that (1) is uttered now. The following instance of (O) provides the truth-condition of the utterance: (7) (1) is true now if and only if it is true now in the actual course of events.
The right-hand side of (7) says that (i) there is a possible course of events c such that (1) is true now in c, and (ii) c is the actual course of events. A formal semantics can provide a precise characterization of (i) to the extent that, in some model M in which a history h represents c and a moment m in h represents the present time, a formula that stands for (1) is true at m/ h. Given such characterization, (ii) may be understood as a hypothesis about M. That is, M gives us an account of the truth of (1) on the hypothesis that h is the actual history. (ii) need not be expressed in the semantics, because it is a hypothesis about the semantics.
The plausibility of this line of thought turns out clear if one thinks about modality in its most elementary form. Consider the standard semantics of propositional modal logic. Anyone will agree that the notion of truth at a world adopted in that semantics does not provide an account of plain truth. The underlying assumption is that plain truth involves something more than what is represented in the semantics in terms of that notion, namely, actuality. That is, (T) A sentence is true if and only if it is true in the actual world.
The semantics provides a precise characterization of what it is for a sentence to be true in a world, but it need not specify which world is the actual world. The fact is that truth at a given world in a model offers a representation of plain truth on the hypothesis that the world in question is the actual world. There is no reason to think that the explanatory role of the notion of truth in a history differs in this respect from the explanatory role of the notion of truth at a world. A possible course of events is nothing but a world, so (O) may be regarded as a special case of (T). 22 If the relation between plain truth and truth in a history is understood in the way suggested, it turns out clear that the notion of truth in a history can be adopted as part of the Ockhamist analysis of plain truth. The remaining part of the analysis concerns a fact about natural language that need not be expressed in a formal semantics, namely, the fact that the utterance of a future contingent at a time t involves reference to one among the many courses of events that are possible at t, the actual course of events. So there seems to be no reason to assume that actuality must be formally represented.
Note that this conclusion affects not only the varieties of TRL semantics considered in the previous sections, where an actuality function occurs in the definition of truth, but also any formal semantics in which such a function is employed to provide an interpretation of the operator F. If the fact that the utterance of a future contingent involves reference to the actual course of events need not be expressed formally, there is no reason to define F in terms of an actuality function. Just as Ockhamism requires no modification of the standard notion of truth in a history, it requires no modification of the standard interpretation of F.
Ockhamism and Priorian semantics
The foregoing considerations suggest that branching time models suffice for Ockhamism. For branching time models are models whose valuation function is constructed in accordance with Definition 1, which involves the standard notion of truth in a history and the standard interpretation of F. Since Priorian semantics has been defined as the semantics characterized by branching time models, this means that Priorian semantics can consistently be associated with Ockhamism. 23 To get a better grasp of this possibility, consider again Fig. 1 as an illustration of a branching time model in which m 0 is the present time. As noted in Sect. 2, in Fig. 1 we do not "see" which of the two alternative future moments m 1 and m 2 corresponds to the state of affairs that will in fact obtain: the model does not tell us which history is the actual history. However, if one accepts (O), one can reason under the hypothesis that one of the two histories is the actual history. Suppose for example that F p, which stands for (1), is true at m 0 / h 2 but false at m 0 / h 1 . Then, if h 2 is the actual history, the truth of F p at m 0 / h 2 represents the truth of (1) as uttered now, in accordance with (O). That is, (1) as uttered now is represented as true on the hypothesis that h 2 is the actual history. Similarly, (1) as uttered now may be represented as false on the hypothesis that h 1 is the actual history.
As long as it is granted that any consideration about actuality concerns the interpretation of a branching time model, rather than the model itself, none of the problems discussed in the previous sections can arise. Let us begin with the two problems raised in connection with the simple TRL. In the first place, Priorian semantics causes no trouble with the connectives. Even if one supposes that a given history in a branching time model is the actual history, that supposition has no consequence on the evaluation of formulas in other histories. In a branching time model, each formula is evaluated in the same way in any history. Secondly, Priorian semantics rules out the problem of counterfactual predictions. As far as a branching time model is concerned, there is no difference between thinking about actual circumstances and thinking about counterfactual circumstances. When one thinks about counterfactual circumstances, just as when one thinks about actual circumstances, one reasons under the hypothesis that one of the histories in the model is the actual history. The only difference is that one picks up a different history. Consider Fig. 1 . Even if it is assumed that h 2 is the actual history, so that (1) as uttered now is true, it is legitimate to say that, if h 1 were the actual history, (1) as uttered now would be false. This amounts to saying that (1) as uttered now is false on the hypothesis that h 1 is the actual history. Similar considerations hold for cases such as (4). If a history in which it rains at a certain moment is the actual history, then a counterfactual prediction made by uttering (1) before that moment is true. For F p turns out true if evaluated at previous moments in the same history.
The two problems raised in connection with the supervaluational TRL are rooted out as well. In the first place, if one adopts Priorian semantics as suggested, one does not get the anomaly that a sentence may be true at different moments for different reasons. Consider (5). In a branching time model, (5) as uttered now is represented as true insofar as F p ∨ F ∼ p is true at some m/ h and h is taken to be the actual history. Since F p ∨ F ∼ p is true at m/ h if and only if either F p or F ∼ p is true at m/ h, the only way in which (5) can be true is that in which its truth depends on the truth of one of its disjuncts. For example, in the model illustrated in Fig. 1 , (5) as uttered now turns out true on the hypothesis that h 2 is the actual history. For
we get that (5) as uttered now is true because (1) as uttered now is true. Secondly, no controversial claim about counterfactual predictions need be made, given that the problem of counterfactual predictions is ruled out from the very beginning. Thus, in the case of the possible coin toss, there is no need to deny that there is an answer to the question of what would have happened if the coin had been tossed. More generally, if Priorian semantics is adopted, the rigidity problem does not arise. In a branching time model, just as one can make sense of the thought that one of the possible courses of events that include the present moment is the actual course of events, one can equally make sense of the counterfactual supposition that one of the possible courses of events that include a given non-actual moment is the actual course of events.
The problems raised in connection with the relative TRL do not differ in this respect from those raised in connection with the simple TRL and the supervaluational TRL. The dilemma that comes out of the discussion of the options considered in Sect. 6 is that either the relative TRL generates undesirable consequences, or it runs into the triviality problem. But it is easy to see that, if Priorian semantics is adopted, this dilemma falls down. For it can only hold for a semantics in which a certain kind of actuality function is employed in the definition of truth.
In substance, if Ockhamism is combined with Priorian semantics, the problems discussed in the previous sections do not arise. The important point that emerges from this observation is that the problems discussed in the previous sections do not concern Ockhamism per se. They concern TRL semantics, which is a kind of formal semantics that can be associated with Ockhamism. Therefore, it would be wrong to assume, as it is often assumed in the current debate on future contingents, that these problems provide reasons against Ockhamism. If there are reasons to reject Ockhamism, they must be different reasons.
Two interpretations of Priorian semantics
Priorian semantics, as any formal apparatus, can be understood in more than one way. The Ockhamist interpretation considered in the previous section is one of them. But there are others. In particular, there is at least one clear alternative to the Ockhamist interpretation, namely, the interpretation according to which there is no such thing as truth simpliciter for future contingents, because there is no such thing as the actual future. Thomason draws a distinction between the two interpretations as follows:
The difference between these two is explained most clearly by supposing that we occupy the time α and are seeking to evaluate certain predictions made in α. According to the first interpretation we do this by provisionally positing a possible future for α, because a prediction made at α can only be true or false relative to such a future. According to the second interpretation, just one of the possible futures for α is the right one-the one that will be actualized. 24 The "second interpretation" is the Ockhamist interpretation. The "first interpretation", instead, seems very close to a view that substantively differs from Ockhamism, the view defended by Belnap, Perloff and Xu. According to that view, which may be called "contextual pluralism", a future contingent as it is uttered in a context can be evaluated as true or false only relative to this or that possible future. For no single possible course of events is fixed by the context as the unique possible course of events that matters to the evaluation. 25 Since this paper makes no attempt to defend Ockhamism, it is not among its purposes to argue against contextual pluralism. The only thing that must be clear is that the two views provide different but equally legitimate ways to understand Priorian semantics. Therefore, it would be wrong to postulate a necessary connection between Priorian semantics and one of them. To see the relevance of this qualification, consider the following remarks by Malpass and Wawer on the history parameter in Priorian semantics:
We accept that there are no technical problems with how this parameter works, but we argue that there are difficulties when trying to understand what this semantic parameter means. The value has to be given somehow and a first thought is that it is fixed by reference to some fact, or set of facts. But which facts? The obvious answer is: any set of facts that includes the fact about which future is the actual one. However, proponents of Priorian-Ockhamism strongly deny that there is any such fact; to them there is no such thing as the actual future. So, we can't simply give the history parameter the value of the actual history, as there is none (as Belnap et al. urge) . 26 Here Malpass and Wawer seem to identify Priorian semantics with a view according to which there is no such thing as the actual future. But if the distinction between Priorian semantics and its interpretations is recognized, it turns out clear that what they say is questionable. If the term 'Priorian-Ockhamism' refers to Priorian semantics, then it is simply false that a proponent of Priorian-Ockhamism must deny that the history parameter can be fixed by reference to the actual future. Priorian semantics is a formal apparatus, so it is consistent with more than one view about the semantics of natural language. In particular, it is consistent with the claim that, when a future contingent is uttered in a context, the value of the history parameter is fixed in the context as the actual course of events. Instead, if 'Priorian-Ockhamism' refers to a view about future contingents that may be defended in combination with Priorian semantics, such as contextual pluralism, then it is fair to ask how the history parameter can be fixed. But that question does not essentially concern Priorian semantics. 27 In general, Priorian semantics must not be confused with contextual pluralism. The distinction between Priorian semantics and contextual puralism is exactly like the distinction between Priorian semantics and Ockhamism: one is a formal apparatus, the other is a view about future contingents. Ockhamism and contextual pluralism are incompatible views about future contingents, but each of them is compatible with Priorian semantics. This suggests that the question of which of the two views is preferable cannot be settled wholly in the arena of formal semantics. Considerations about formal semantics certainly play a crucial role in any accurate discussion of future contingents, but it should not be expected that formal semantics alone can provide a solution to the issue of future contingents. Unfortunately, the formal languages that we can handle are unlike the perfect language imagined by Leibniz, in that they do not allow us to resolve any difference of opinions by means of calculations.
Generalization
The conclusion that can be drawn from the foregoing sections is that Priorian semantics suits Ockhamism no less than TRL semantics. That is, if A1 and A2 are accepted, no further modification of Priorian semantics is needed. The conditional form of this conclusion implies that what is claimed here is not that Priorian semantics is the most appropriate semantics for Ockhamism. Just as Priorian semantics is compatible with more than one view, Ockhamism is compatible with more than one formal semantics. A1 and A2 have not been questioned so far, in that they have been granted as background assumptions. But this does not mean that they are unquestionable. As a matter of fact they are not.
Consider A1. This assumption is often accepted because it is believed that indeterminism-which is taken to be good in itself-entails branching, that is, the conception according to which there is a plurality of possible worlds that overlap up to a certain point, the present. However, it might be argued that, at least on some plausible understanding of indeterminism, indeterminism does not entail branching. Possible futures might be conceived as parts of possible worlds that are wholly distinct, rather than branches that depart from a common trunk. 28 Consider A2. As the question of how tenses are to be represented hinges on the issue of how logical form is to be individuated, it might be argued that, at least on some plausible understanding of logical form, tenses are not operators. A classical alternative to the representation in terms of operators is the representation in terms of quantification over times. According to the latter, (1) is to be read as 'For some t later than the present time, it rains at t', (2) is to be read as 'There is a time t such that t is the present time and it rains at t', and (3) is to be read as 'For some t earlier than the present time, it rains at t'. 29 Thus, both A1 and A2 might be rejected. It might be contended that an adequate formal semantics for Ockhamism does not need branching time models. Nonetheless, the point made in Sect. 7 could still be acknowledged, that is, Ockhamism can be maintained without assuming that actuality must be formally represented. So the point does not specifically concern Priorian semantics and its relation with TRL semantics. 30 More generally, this paper suggests that no substantive formal work is needed to equip Ockhamism with an adequate formal semantics. The very idea that a special formal apparatus in which actuality is represented should be tailored to Ockhamism is wrongheaded. This is just one of the many cases in which the search for new formal tools leads to results that are no better than those we could get by using familiar tools we already have. 31 
